Internal Fixation of Fractures I have been told that my reputation in some quarters is that of an "early internal fixer" of all fractures of the long bones. Yet if my practice were restricted to one or other method of treatment, I should unhesitatingly choose the closed manipulative method for early treatment. Happily I am not so restricted.
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I believe there is now a very strong case for early open reduction and rigid metal fixation of the more severe types of both closed and open fractures of long bones-those that cannot be reduced to a relatively stable position and maintained in good alignment by closed methods, but in which these desirable conditions can be obtained by open reduction and metal fixation. Further, I believe that the more anatomical the reduction and the more rigid the internal fixation the earlier is the return of function, the more normal the result and the less frequently will degenerative changes occur in adjacent joints.
The main argument against early open reduction and metal fixation of closed, and open, fractures, has been the supposed high risk of bone infection. This dates back to the days when the metals in common use had a high or a moderate rate of corrosion with resulting irritative and toxic effects on the body tissues. It was early in 1956 that complete standardization by manufacturers was achieved in this country in the manufacture of plates and screws of the safer metals. Now that the modern metals 18/8/MO and Vitallium are in general use and are known to give no trouble from corrosion in over 90% of cases and minimal effects in the remaining 10%, APRIL the evidence is that open reduction and internal fixation do not carry high risks of bone infection. In a series of 45 closed fractures reduced early and held by the safer metals we had three infections, all superficial and none involving bone. In another series of 100 open fractures we had a 12 % infection rate in those wounds that were thoroughly cleansed and the skin closed but the fracture not plated; in the control series in which we added internal metal fixation (and these incidentally were more severe types of fracture) our infection rate remained at 12%. None was an obvious infection of bone; all involved the soft tissues only and the majority were minimal.
On this experience we believe that bone is not particularly susceptible to infection. We believe that in the past the early clinical effects of corrosion of metal on adjacent soft tissues, namely, red, shiny, hot, tender and (edematous skin (a condition that can go on to wound breakdown and then infection), have been mistaken for primary bone infection.
Since abandoning the corrosible metals this reaction has almost completely ceased and when better metals are eventually discovered will undoubtedly be completely eliminated. I believe that once dead spaces and hmmatomata are eliminated by early gentle surgery, exact reduction and rigid fixation, the hLemostasis and wound closure without tension achieved, the battle against wound infection is largely won. This is not to be taken as an excuse for relaxing any of the aseptic and antiseptic precautions in our theatres. With closed fractures, primary wound infection is due mainly to organisms on the skin and carried into the wound during the operative act. Thorough cleansing of the skin before operating on a painful fracture can be carried out only under general anesthesia by either the surgeon or 18 his well-trained assistant; this is an essential part of the operation in both closed and open fractures. I would add to these precautions against infection by supplying all theatres with bacteriologically clean air forced in at roof level under pressure with an exit near floor level, giving a complete air change twenty times an hour. There is now unmistakable evidence that this measure limits to a large extent the possibility of added infection during the operation.
The conservative school maintains that the manipulative treatment of closed fractures eliminates all possibilities of infection. This is not so. Many fractures so treated come later to open operation for various reasons-deterioration in position, mal-union, delayed union and non-union. The infection rates resulting from subsequent open surgery should be debited against the conservative method.
By early open reduction I mean reduction within a few hours of the injury; in some fractures this is vital. In others, when a choice can safely be made, I prefer a delay of seven to twenty-one days before open reduction and internal fixation. There is evidence that such delays considerably improve the rate of bone union. Smith (1959) has a series of 52 fractures of both bones of the forearm treated by delayed plating. 50 were soundly united in six months and the remaining 2 within twelve months.
I have become more and more convinced that internal fixation of long bones should be as rigid as possible. Even after an exact reduction of a fracture, a plating that is initially imperfect can become progressively more imperfect as a result of slight movement and this occurs even when external splintage is added to internal fixation. Such movement causes irritation, decalcification and further loosening of the screws and the plate. Against this, a plating that is initially mechanically perfect tends to stay so for very long periods. This is of considerable importance in all fractures that from the nature of the injury must be slow to unite. Of all methods of internal fixation with which I am familiar none has, in my view, the potential virtues of the plate designed by my hospital colleague, Mr. John Hicks. "Potential" because he has not yet designed the plate to fit the many anatomical curves and twists of the shafts of all long bones.
Finally, all fractures are wounds, not only of bone and periosteum but often of many other covering tissues. All displaced tissues should, if possible, be approximated without tension and rested until they unite. A full understanding of the detailed nature of these wounds (and those resulting from high-speed road traffic accidents can be extremely complicated) demands very early clinical as well as full radiological investigations-sometimes repeated clinical examinations before an exact diagnosis is possible and priorities on the urgency and the nature of treatment correctly assessed.
(Mr. Gissane then illustrated with slides the various points he had propounded.)
Mr. John Charnley (Manchester):
Our understanding of the basic processes which govern fracture repair in long bones is still far from complete. A vast amount of experimental work on rats and rabbits has done little or nothing to help us to decide the best treatment for a fracture of the shaft of the tibia in the human subject. There are still important lessons to be learned from clinical observations made on the behaviour of human long bones during different methods of fracture treatment. I shall confine myself to three basic features of fracture healing, all of which are controversial, and endeavour to indicate how I think they are related to the practical details of treating a fracture of a long bone such as that of the tibia:
(1) The fallacy of accurate reduction.
(2) The fallacy of defective osteogenesis.
(3) Thle fallacy of absolute fixation.
The Fallacy of Accurate Reduction It is still widely held, though I think only by those who have never interested themselves in the histological facts of fracture union, that the union of a fracture of cortical bone is facilitated by accurate coaptation of the broken fragments. This attitude to the union of fractures is equivalent to the accurate coaptation of the edges of skin wounds which is known to be important in plastic surgery. It can easily be shown, however, that callus is never produced from the broken surfaces of bone which are exposed inside the fracture. The broken bone ends are inert until very late in the process of fracture union and all activity takes place in the periosteal and endosteal tissues.
The process of fracture repair involves very great cellular activity and this demands a large blood supply. The blood supply of the broken ends of a long bone is restricted by the small size of the divided haversian canals and this blood supply cannot increase significantly because of the density of the surrounding bone. The periosteum and the endosteum, on the other hand, being soft tissues, can increase their blood supply and produce a voluminous growth of new tissue with mitotic activity of cell division similar to that of a bone sarcoma.
The circulation in the cortex of a long bone is principally directed in a longitudinal direction, as indicated by the general direction of the haversian canals. These parallel canals connect transversely at intervals with adjacent canals and also with the vessels of the periosteum and endosteum. When the shaft of a bone is fractured the longitudinal circulation must inevitably be interrupted at the site of the fracture. It is obviously impossible to have a "through" circulation in the extreme ends of the bones where the broken haversian canals present directly into the fracture hkmatoma. The circulation in the haversian systems thus proceeds only in the parts where there is a continuous "through" circulation, and this results in the by-passing of the actual bone end which is left as an ischtemic layer on the broken surface.
The existence of this ischtEmic surface at the actual broken end of a long bone is clearly revealed in cases where the fracture is infected, because the addition of bacterial toxins seems to render the "death" of the ischaemic portion more complete and there may be difficulty in the dead bone being re-incorporated. This sequence was common in the days of septic amputations, which are really infected compound fractures, and the separation of the sawn end of the bone as a "coronet" sequestrum was well known to the old surgeons. The coronet sequestrum demonstrates the volume of bone rendered ischemic as a result of interrupting the longitudinal circulation in the haversian systems at the bone ends by the line of the section.
The presence of ischmmic bone ends in longbone fractures passes quite unsuspected in routine X-rays because there is no difference in the radiological density of the bone end and the living shaft during the time necessary for fracture union. If the X-rays of healing fractures are carefully scrutinized it will frequently be observed that periosteal callus never springs from the bone end and never from the periosteal surface of the fragment exactly at the level of the fracture. The periosteal new bone will be seen to spring from the periosteal surface of the fragment a short distance from the fractured end (Fig. 1 ). In the same way, the radiological appearance of a cavity will be seen inside the investment of periosteal new bone surrounding the bone ends. That this radiological appearance indicates a true cavity inside the callus can easily be shown when opportunities are available for preparing specimens of fractures in the fourth to sixth week of healing.
It is fairly obvious that any procedure which strips the periosteum from the surface of bones will interfere with this natural process of repair. The stripping -of periosteum from the bone surface will deprive the haversian systems near the broken ends of access to blood by lateral anastomoses. The stripping of periosteum will thus increase the volume of ischemic bone in the fracture and this is the greatest single source of evil in the operative treatment of fractures. In any closed fracture there is always a certain volume of ischemic bone produced by the fracture, but this volume will be increased by the stripping of soft parts to perform internal fixation. In connexion with the ill-effect of operative exposure in increasing the volume of ischaemic bone, we see why a slight bacterial infection of a fracture is more serious than a similar slight infection of a soft-part wound. The inoculation of a soft-part wound with a few bacteria puts these organisms in close contact with an active circulation in the soft tissues and there is every possibility that the organisms will be destroyed if they are not violently pathogenic. A small inoculation of organisms lying among ischemic bone fragments will permit the organisms to multiply in an admirable bacteriological medium without exposure to the circulation which would combat their growth.
Proceedings of the Royal Society of Medicine
The Fallacy of Defective Osteogenesis A common misconception of the cause of delayed union is the idea that some patients do not produce callus as vigorously as do others. On the contrary, in the case of established nonunion it is well known that the bone ends become greatly thickened by new periosteal bone heaped up round the ends of the adjacent fragments. Non-union is not a case of failure to produce new bone; the essential failure seems to be an inability of the new bone to flow across the fracture line to make contact with the new bone from the other side. I do not wish to throw out a misleading analogy, but this failure to unite is not unlike the failure to solder two pieces of metal in the absence of a suitable "flux".
The failure of a fracture to unite cannot be due to systemic or humoral causes because patients with multiple fractures may have some which unite in normal time while others pass to non-union. In the same way, delayed union of the lower third of the tibia is frequently encountered in athletic young men whereas delayed union is not a frequent complication of senile patients. It is possible that this can be correlated with the vascularity of the bones; in senile patients the long bones have large medullary cavities with the bone of the cortex opened up by expanded haversian canals, but in the young athlete the medullary cavity of the lower third of the tibia is very small and the broken bone end presents as a dense piece of ivory with a total area of haversian canals which must be remarkably small.
The failure of callus to cross the gap of a fracture, not the failure to produce callus, is the fundamental problem in fracture repair. A fracture which has trivial displacement-invariably unites without difficulty. A fracture with trivial displacement is just as completely broken, as regards the interruption of blood supply in the haversian systems involved by the fracture, as is a fracture with considerable displacement. It would seem obvious that the reason for the ease of repair in undisplaced! fractures is that the soft parts, of which the attachment of the interosseous membrane is probably the most important, still bridge the fracture and are able to conduct callus rapidly from one fragment to the other. On the other hand, where there has been gross displacement and gross tearing of the interosseous ligaments and other soft parts connecting the bone ends the pathway for the callus is completely torn. In this case the callus which is produced by the bone ends in adequate quantities for repair is unable to flow across the fracture and heaps itself up round the bone ends.
The Fallacy of Absolute Fixation
It is well known that bones which produce a large mass of investing periosteal callus can unite even in the presence of continuous movement; examples of this are seen in the shafts of the humerus and the femur where the surface of the bones gives rise to muscle fibres and obviously has a very good blood supply. Where the bone is subcutaneous and gives rise to little or no muscle, as in the lower third of the tibia, the production of periosteal callus in large quantities is the exception rather than the rule. It has been customary to imagine that if a bone habitually produces only slight callus the defect is to be remedied by imposing the strictest fixation, in order that delicate strands of callus will not be ruptured by movements of the fragments and made to turn back to become a nonunion. I believe this to be one of the most deeply ingrained of all fallacies in fracture treatment. It assumes what is the fundamental problem in osseous union, that at some part of the fracture a delicate strand of callus succeeded in bridging the fracture line and that this strand was thereafter ruptured by movement. If incomplete fixation were to be the main cause of delayed union, the use of metallic internal fixation ought to have shown a very noticeable diminution in the incidence of delayed union, but this is not the case.
If we regard the existence of intact soft-part pathways extending from fragment to fragment as the essential element which conducts callus from one fragment to the other, it is obvious that accurate reduction and absolute fixation will still leave these callus pathways torn and the callus which is produced will heap up round the bone ends and still fail to flow across the fracture.
Initial Displacement
I am thus forced to believe that the most important feature in the union of a fracture is the extent to which the soft parts are torn at the time of the injury. From the degree of displacement it may be possible to hazard a guess at the likelihood of an intact callus pathway existing.
This rather fatalistic approach thus emphasizes that the good results of internal fixation will be obtained in exactly those fractures which would unite well by conservative means. In the same way, cases which would show slow union by conservative means would also show slow union by operative means.
Treatment
From these remarks I would suggest the 294 4 Section of Orthopjedics 295 following sequence of ideas in the treatment of a fracture of a tibia: (I) The possibility of an intact soft-part pathway being present from inspection of the original deformity should be assessed. It must be remembered that the first X-ray may not necessarily show the full displacement as sustained at the time of the accident if the deformity has been improved by first-aid measures.
In the case of the tibia those fractures which are likely to have intact soft parts are those in which the main deformity is angulation; fractures in this category are those in which simple correction of angulation will result in a fracture which can be accepted without further manipulation. If the fragments are overriding and correction of angulation is insufficient without further attempts to obtain length and apposition, there is a strong possibility that delayed union will be encountered.
(2) In cases where intact soft parts are present and there is no undue fear of delayed union, the surgeon has available any method which the circumstances may tender most attractive. The fracture could be treated in a plaster cast or by internal fixation without plaster with equally good results as regards osseous union.
(3) If the initial displacement is such that rupture of the soft parts makes the possibility of delayed union probable, the fracture must be treated with the main eye to using a bone-graft, of the Phemister type, using iliac bone, at about ten weeks from the time of the, injury. Some surgeons may prefer in these cases to consider a primary bone-graft at the time of the fracture. These may advise metallic internal fixation reinforced with a graft of cancellous bone applied as a sliver to the side of the fracture as a primary procedure. This procedure is logical but there are occasions when the condition of the patient makes it undesirable for it to be undertaken within a few hours of the accident. If the operation has to be delayed the condition of the skin may become unsuitable for internal fixation and many of these fractures are compound.
It is my practice in these cases to treat the tibia conservatively for eight or ten weeks and then, if clinical tests still show readily detectable motion, to proceed without further delay to apply a Phemister bone graft. In this way the most difficult fracture will be soundly united and finally out of plaster within six months from the time of the injury. This sequence eliminates the possibility of devitalizing a greater volume of bone than was devitalized by the fracture itself.
Dr. Donald C. Norris (London):
Summary.-Dr. Norris, who advises insurance companies in dealing with claims for damages for personal injury, said that the interests of the insurer and the surgeon were identical, both desiring early and accurate diagnosis, adequate treatment, and effective resettlement. Patients often lacked proper assistance in getting their claims settled, and surgeons could assist by keeping full and accurate records, furnishing reports, and seeing that the patient had adequate advice on his social, financial and legal problems. He stressed the importance of case conferences with all concerned represented, and discussed details of the rehabilitation organizations involved. In Industrial Rehabilitation Units no significant difference had been found in the results obtained in compensation cases and others. He presented a large number of case histories to illustrate the points he made.
